Background and ObjectiveaaFirefighters suffer from irregular and inadequate sleep, often due to their shift work schedule. The purpose of this study was to investigate the shift work schedules and their effects on the quality of sleep in Korean firefighters. MethodsaaThis study included firefighters in the Seoul Metropolitan area, who participated in the "Firefighters' Healing Camp" and answered questionnaires for their shift work schedules and sleeprelated symptoms. Among 180 participating firefighters, 110 subjects completed detailed sleep questionnaires, which included the Pittsburgh Sleep Quality Index, the Insomnia Severity Index, the Epworth Sleepiness Score, the Stanford Sleepiness Score, the Fatigue Severity Scale, and the Berlin Questionnaire, and provided details of their shift work schedule and duration for the last 3 weeks. resultsaaAmong 110 respondents, 78.2% self-reported sleep disturbance and approximately 60% of the participating firefighters had a certain degree of insomnia. Furthermore, more than 50% of the firefighters complained of excessive daytime sleepiness, with 31.8% having a risk of obstructive sleep apnea (OSA). The firefighters in the frequent night-shift (NS) working pattern (5 or more days for 3 weeks), showed significantly higher Pittsburg Sleep Quality Index global score than those in the infrequent (less than 5 days) NS group (8.8 ± 3.6 vs. 6.7 ± 2.7, p = 0.014). However, the frequent NS working pattern was not associated with excessive daytime sleepiness or OSA risk. ConclusionsaaThe participating firefighters reported a high prevalence of various sleep problems. Frequent NS working may be responsible for poor sleep quality in firefighters.
INTRODUCTION
Firefighters are exposed to strenuous and dangerous working conditions. They must maintain full readiness for 24 hours against fire accidents and other incidents that require rescue operations. These working conditions put them at risk of various health problems. [1] [2] [3] Sleep disorders are also very common in the firefighters due to multiple factors. 4, 5 Considering the work-related dangers firefighters are constantly exposed to, it is highly likely that sleep disorders in this occupation may lead to serious work-related accidents. 6 tion of melatonin, preventing those individuals from having deep sleep. 9 However, few studies have been performed on the working conditions of the firefighters related to the circadian disruption, indicating the need to research on what adequate working conditions are to ensure the firefighters' health and safety, regarding the issue of sleep problems. This is a descriptive and quantitative report, based on the results of a survey circulated among the firefighters, who participated in a government-supported healing camp. The current study utilized various questionnaires related to the quality of sleep to investigate overall sleep health and daytime sleepiness in Korean firefighters. Moreover, the researchers collected detailed and quantitative information regarding their working patterns and attempted to study potential influences of the NS working schedule on the sleep quality.
This study was performed to investigate the shift work schedules and their effects on the quality of sleep in Korean firefighters. We hypothesized that the NS working schedule would have a significant impact on their sleep disturbances. Our findings showed that sleep-related problems are highly prevalent in Korean firefighters, partly related to poor sleep quality due to frequent NS working schedules.
METHODS

Subjects
The study subjects were 180 firefighters in the Seoul Metropolitan area, who participated in the "Firefighters' Healing Camp" which took place in 2016. A survey was given out to 180 participants, among whom 118 responded. 8 were excluded due to missing data, ultimately leaving data from 110 participants. The survey asked for detailed working schedules including the duration of each working type for the recent three weeks. When counting the total hours of work time, day-shift was counted as 9 hours, NS was counted as 16 hours, and all-day on duty was counted as 24 hours. In addition, the following sleep-related questionnaires were distributed and collected.
Completion of the questionnaire was voluntarily performed by all participants as part of the camp program and was conducted entirely anonymously. This study was approved by the Institutional Review Board, and the informed consent was waived due to the nature of the simple questionnaire survey in this study (IRB No. 2015-12-13-016 ).
Sleep-Related Questionnaires
Pittsburgh Sleep Quality Index
The Pittsburgh Sleep Quality Index (PSQI) is a self-report questionnaire that assesses sleep quality over a 1-month time interval. 10 The PSQI consists of 19 items, that subjectively measure seven components including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime function to evaluate different aspects of sleep. Each sleep component is scored on a 0 to 3 scale, with 3 denoting the worst quality, adding together into a global score ranged from 0 to 21, where higher scores denote poor sleep quality. The cut-off value of 6 or higher for the PSQI global score is defined as poor sleepers.
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Insomnia Severity Index
The Insomnia Severity Index (ISI) consists of seven items asking self-assessment of the severity of insomnia symptoms. 11, 12 Each item is scored on a 0 to 4 scale, with 4 denoting the highest severity. The total scores range from 0 to 28 with lower scores, representing mild or absence of insomnia symptoms and higher scores suggesting more severe insomnia.
Epworth Sleepiness Scale
The Epworth Sleepiness Scale (ESS) asks a respondent to score the likelihood of dozing on a 0 to 3 scale, with 3 being most likely in eight real life situations. 13 The degree of daytime sleepiness is evaluated, based on the overall total score equaling the sum of responses to the eight items (ranging from 0 to 24). A respondent with ESS total score higher than 10 is regarded as having clinically significant excessive daytime sleepiness.
Stanford Sleepiness Scale
The Stanford Sleepiness Scale (SSS) is an assessment of alertness and levels of sleepiness throughout the day.
14 Rating alertness is unidimensional, based on a 1 to 7 scale, with 1 being a state of alert and feeling active and 7 being a state of dreamy or likely to fall asleep soon.
Fatigue Severity Scale
The Fatigue Severity Scale (FSS) is one of the most frequently used self-assessment questionnaires for measuring the impact of fatigue usually for subjects with chronic illness. 15 The FSS contains 9 statements that rate the severity of one' s fatigue symptoms. Each statement is scored on a 7-point Likert type scale, ranging from 1 (strongly disagree) to 7 (strongly agree), and a total FSS score > 36 is considered to have severe fatigue or need for further evaluation.
Berlin Questionnaire
The Berlin Questionnaire (BQ) is a brief and validated screening tool, that is intended to identify persons in the community who are at high risk for obstructive sleep apnea (OSA). 16 The BQ contains questions related to snoring (category 1), daytime functioning (category 2), and hypertension or body mass index (BMI) > 30 (category 3). Scores from the first and second categories are determined positive, if the responses are "yes" or loud snoring (louder than talking or can be heard in adjacent rooms) or frequent equally to or more frequent than 3-4 time a week. The category 3 is positive, when a subject has a history of hypertension. A subject with 2 or more categories positive is determined to have OSA risk.
Statistical Analysis
A t-test was used to compare numerical mean values between the infrequent and frequent NS working groups. A chisquare test was used to evaluate the effects of NS frequency, on the proportion of the subjects belonging to different ranges of various sleep-related scales.
RESULTS
Demographic Characteristics and Pattern of Work Schedule
Demographic data from 110 respondents is presented in Table 1. The majority of firefighters are comprised of males (109 males and 1 female), and the mean age was 42.5 ± 9.0 years old, ranging from 25 to 59 years. The BMI of the respondents was 24.4 ± 2.3 on average. Among them, 17.3% (19/110) had hypertension in their medical history (Table 1) . Approximately one third (34.5%, 38/110) of the respondents were current smokers.
The firefighters were asked for detailed working schedules and durations of their schedules for the last 3 weeks. Their working schedules consist of day-shift working for 9 hours during daytime, the NS working for 16 hours during evening and night, and all-day on duty at the office for 24 hours, without being deployed to a field of emergency. The average days of the NS were 4.4 ± 1.8, ranging from 0 to 7 days, during a period of recent 3 weeks. The average day-shift days were 6.0 ± 3.0 days. The most frequent working pattern comprised 5 days of the day-shift and 5 days of the NS during a period of three weeks, which pertained to 71% (78/110) of all the respondents. In this group, days of the all-day on duty ranged from 1 to 3 days (mostly 2 days), constituting a smaller fraction of their workloads.
Since most of the firefighters had 5 days of the NS, all the respondents were divided into an infrequent NS group with less Table 1 , the demographic characteristics and the frequency of underlying co-morbidity were not significantly different between the two groups. Life styles related to smoking, drinking, and caffeine consumption were also similar between the two groups.
Overall Quality of Night Sleep and Sleep-Related Behaviors
General characteristics of night sleep and sleep-related behaviors were analyzed, based on the responses to the PSQI. Quantitative comparisons of night sleep habits did not show a significant difference between infrequent and frequent NS groups (Table 2) . Among all the respondents, 78.2% (86/110) had a PSQI global score equal to or higher than 6, which is defined as having a risk of sleep problems. 10 The firefighters with frequent NS working pattern revealed significantly higher PSQI global score values than those with infrequent NS (8.8 ± 3.6 vs. 6.7 ± 2.7, p = 0.014) ( Table 2 ), indicating that firefighters with frequent NS are more likely to suffer from poor sleep quality. Subcategorical analysis of the questionnaires showed a tendency that firefighters with frequent NS have more frequent sleep problems. Two sub-categories showed statistically significant differences: frequency of wakeup for bathroom during the night (p = 0.007) and of bodily aches during sleep (p = 0.022). More importantly, 4 firefighters from the frequent NS group, but none from the infrequent NS group, had a history of taking sleep pills, with one person having the medicine regularly a couple of times a week (p = 0.038). Consistent with the high percentage of participating firefighters with a risk of sleep problems, 58.2% (64/110) of the respondents had certain degree of insomnia risk (Table 3) . A total of 7 firefighters (6.4%) showed an ISI score higher than 21, which is considered a severe risk of insomnia. Among them, 6 subjects belonged to the frequent NS group. However, the average ISI total score was not significantly different between the two groups. In the sub-categorical analysis, the firefighters with a frequent NS working pattern tended to have worse sleep quality and to show signs of the possibility of having insomnia.
Daytime Sleepiness, Fatigue, and the Risk of OSA Sleepiness during daytime and/or fatigue can be caused because of poor nigh sleep quality and may lead to work-related accidents, which would be dangerous for the firefighters. Excessive daytime sleepiness was analyzed based on the ESS and SSS. More than 50% (57.4%, 63/110) of the participating firefighters showed an ESS total score higher than 10, which is defined as having excessive daytime sleepiness ( Table 4) . As for the SSS, almost 90% (89.1%, 98/110) subjects reported a score equal to or lower than 3. The mean score of the ESS or SSS was not significantly different between the firefighters with infrequent and frequent NS working patterns. Only one subject in the infrequent NS working group reported a SSS score higher than 3, but 11 subjects in the frequent NS working group (12.3%) reported a SSS score higher than 3. Two firefighters out of the 11 subjects reported a SSS score 6, which corresponded to a state where a subject was sleepy, woozy, and fighting sleep, and preferred to lie down. However, the chi-square analysis did not reveal statistical significance in the proportion of the firefighters in the frequent NS working group reporting SSS score higher than 3. Severity of subjective fatigue was asked, using the FSS ranging from 1 to 7. The average total score of the FSS was similar between the two groups, and the percentage of the subjects with a Fatigue Scale higher than 36 was also comparable ( Table 4) .
The risk of having OSA was assessed using the BQ. Answers to individual BQ sub-categories were similar between the two groups (Table 5 ). In addition, the total BQ scores, combining all the sub-categories, were not significantly different between the infrequent and frequent NS working groups. The overall percentage of firefighters having risk of OSA was 31.8% (35/110). The firefighters with frequent NS working patterns had slightly higher risk than those with infrequent NS, but the difference was not statistically significant.
DISCUSSION
The current study revealed that sleep-related problems are highly prevalent in Korean firefighters. Approximately 80% subjects were deemed to have sleep problems based on a PSQI global score. In addition, analysis of the ISI showed that 58.2% were likely to have insomnia. A previous population-based epidemiologic study reported that 22.8% of Korean adults have insomnia. 17 Epidemiologic data in western countries showed a similar prevalence of sleep-related problems in a general adult population. 18, 19 Therefore, the prevalence of sleep problems seems to be at least 3-fold higher in the Korean firefighters than that in normal adults. The finding of our study is consistent with a previous study, reporting that 48.7% of the Korean male firefighters have sleep disorders. The prevalence of sleep problems and/or insomnia in the firefighters of other countries is also comparable to that of this study. 1, 7, 20 The researchers also found that more than 50% of the participating firefighters suffer from excess daytime sleepiness. The percentage of the subjects having a risk of OSA was 31.8%, which is like the 28.4% of United States firefighters having OSA reported in a previous study. 6 Considering the 4% of OSA prevalence in middle-aged males, 21 OSA risk in the participating firefighters, in this study seems to be exceptionally high.
The frequent NS working pattern (5 days or more in 3 weeks) was significantly associated with poor sleep quality, based on PSQI in Korean firefighters. It has been established that NS can cause various sleep-related problems in other occupations. 22, 23 Frequent NS may interrupt circadian rhythm, rendering intrinsic biological clock unstable. 24, 25 Difficulties in maintaining appropriate circadian rhythm not only affects the sleep quality but also leads to altered homeostasis in other organ systems. [26] [27] [28] The systemic effects may in turn, negatively influence the quality of sleep during the night. In the current study, the firefighters in the frequent NS working pattern complained of wakeup incidents for bathroom and body aches, during sleep more seriously than those who belonged to the infrequent NS group. It is plausible that these complaints may be early signs of systemic illness in the cardiovascular or musculoskeletal systems. Four 4 out of all the participating firefighters reported behavioral experiences of seeking sleep pills and all those 4 subjects belonged to the frequent NS working group. This finding suggests that chances of encountering undiagnosed patients with sleep disorders that require medical attention are much higher among firefighters with frequent NS working pattern.
Contrary to the significant association of the frequent NS working pattern with poor sleep quality, there was no significant difference in daytime sleepiness or a risk of OSA between the infrequent and frequent NS groups. OSA is one of the most common sleep disorders that is responsible for excessive daytime sleepiness. Although life style or environmental factors can increase the risk of OSA in adults, hereditary or constitutional factors like family history and airway structures also significantly contribute to development of OSA. 29 Therefore, shift-working schedules may have less to do with OSA development and the lack of difference in OSA risk may result in a similar level of daytime sleepiness between the two groups. It is conceivable that the high prevalence of OSA risk in the subjects of this study may be linked to potential pulmonary function problems in firefighters. 30 Excessive daytime sleepiness may be presented as a form of hypersomnolence which in turn, is one of the cardinal symptoms in depressive disorders. 31 Depression among firefighters is strongly associated with difficulties in emotion regulation that are commonly encountered in post-traumatic stress disorder. 20 Therefore, depressive mood state, probably due to occupational peculiarity of firefighters, may influence daytime sleepiness more strongly than shift-working patterns. During this study, the researchers identified several firefighters that met the diagnostic criteria of various sleep disorders, including those who took sleep pills. In fact, a previous study reported that 37.2% of firefighters screened positive for any sleep disorder and these subjects, having sleep disorders, were more likely to report a motor vehicle crash or had adverse health outcomes. 6 These findings strongly argue for the necessity of mandatory screening for sleep problems in the firefighters that are exposed to dangerous incidents, requiring the highest level of alertness and concentration. In fact, a recent study implemented a sleep health program, consisting of questionnaire-based sleep disorder screening and sleep health education, and reported the effectiveness of the programs in reduction of work-related injuries or work loss due to disabilities. 32 This study provides evidence that sleep health screening or an appropriate intervention should be prioritized for the firefighters with frequent NS working patterns.
This study is valuable because the firefighters voluntarily participated in the survey, not compulsorily as a periodical health check-up. Although one cannot draw a definitive conclusion from one survey with small sample size, the firefighters who participated in this survey show signs of various sleep problems. Of course, it is difficult to generalize the findings in this study as being representative of the entire group. However, chronic sleep disturbances of Korean firefighters need to be considered due to the possible long-term complications that they may bring. Based on the findings made from this study, several suggestions can be made to improve the quality of sleep in Korean firefighters. First, it is necessary to investigate the sleep quality associated with more detailed nocturnal work schedules for the entire firefighters with frequent dispatches to emergency at night. Second, a standard guideline of recommendations can be made on changes in the pattern of night work shift in a way to reduce the frequency of NS. Third, advice and care for sleep problems as well as other health problems for the individual firefighters should be provided in an easily accessible way. These efforts would reduce the risk of chronic health problems related to long-term sleep disturbances even after serving as a firefighter for a long time (i.e. 20-30 years).
